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Abstract
Present the natural ventilation design for the New East-Main Building of China Academy of Building Research (CABR) at the 
corridor linking Building A and Building B, theoretical calculation during the design phase, and field measurements after the 
building’s completion. The theoretical analysis show that indoor air change rate can reach up to more than 4.4 h-1 as long as 
temperature difference between indoor and outdoor greater than 1  or outdoor air velocity greater than 0.4m/s, so that could 
remarkably improve comfort during the transitional seasons in Beijing; but the field measurement results show 3.37 h-1 when 
temperature difference is 1.2 and outdoor air velocity is about 0.3~1.5m/s, which tells a considerable difference compared to 
the design value, which has a greater impact on the air exchange efficiency of the room. The author conducts a comprehensive 
analysis of possible factors, and obtained preliminary conclusions and recommendations.
© 2016 The Authors. Published by Elsevier Ltd.
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1. Introduction
Natural ventilation was adopted in some high-rise building in recent years to improve indoor air quality in 
transition seasons and to reduce building energy consumption in summer through night cooling ventilation. Post 
assessment research of green building energy saving technology [1] found that natural ventilation as a kind of low-
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cost technology has been applied in most green buildings located in different climatic zones in China, which showed 
significant energy saving effect, high satisfaction of user, and worthy of popularize. Building with natural 
ventilation as a passive energy-saving mode, has aroused increasing attention [2].
However, due to the complexity of natural ventilation, theoretical studies have not yet enough. The design of 
natural ventilation system is still in the conceptual phase, and lack of sufficient theoretical guidance. The current 
studies mainly based on simple models, and have too many assumptionslack of authenticity. In addition, available 
studies focused too much on the numerical simulation and experimental research, lack of field testing data of natural 
ventilation. Testing data’ accumulation for buildings with different functions and types are look forward to be made 
for design and operation reference [3].
In recent years, some scholars have also actively carried out test studies on natural ventilation [4,5,6]. However, 
most of the above-mentioned field studies took the residential building as examples, and few cases of studies were 
done for the office buildings. Is there a deviation between natural ventilation actual effectiveness and theoretical and 
simulation calculation for high-rise office buildings? Can we draw valuable conclusions and inspiration from 
comparative analysis of existing building design and actual measurement? To answer above questions, the author 
made on-site measurement of natural ventilation after the New East-Main Building of CABR was put into used. 
Through those work, the author found some problems, proposed some suggestions, and hope it can provide some 
references for the future high-rise office building natural ventilation design.
2. Project overview
The construction site of the New East-Main Building of CABR is located at 30# of North Third Ring east road, 
Beijing, as shown as figure 1 (the left side building). The building faces the North Third Ring without any 
obstruction, adjacent to its original building on the west (the right building), with the same height. The building is 
adjacent to a 7-storey office building in the south and adjacent to an 18-storey residential building on the east. Its’ 
overall floorage is about 64508m2 and the building height is 80m, with 4 floors underground and 20 floors above the 
ground, categorized as a class A high-rise building. The building is for office and experiment. Its overall layout is in 
the form of twin tower - Block A and Block B. The story height is 5.7m in ground floor and 4.75m in 2nd floor, and 
is 3.8m above 3rd floor.
The building is Z-shaped from top view with north-south layout. Block A and B are connected with corridors, 
which are designed as rest spaces (shown as figure 2). The corridor is about 6.53m long in east-west, and has a 
width of 8.4m in north-south. Each two-storey at the corridor is picked an empty hall to form a small atrium with a 
clear height of 5.7m. The east and west sides of each level of the corridor are connected with the elevator rooms of 
Block A and Block B, respectively, further eastward or westward lead to the office areas of the Block A or Block B. 
Since office areas have enclosed glass doors, corridor and elevator rooms formed a relatively closed air-flow space 
(shown as figure 3).

                        Fig. 1. Building sketch                                                   Fig. 2. Diagram of the corridor location
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Fig. 3. Corridor area plan
The purpose of this test is to assessment natural ventilation real effectiveness of the corridor atrium space. The 
real photos of testing space on the south side are shown as figures 4~5. The entire small atrium space is designed 
with eight natural ventilators, with each four on the south or the north wall, which are located at the bottom of 
windows of the first floor and the second floor respectively, with equal length to the windows, and each two 
ventilators connected in series. A single ventilator is 180mm in height with effective length of 2443mm and 
effective ventilation area of 42768mm2/m under full-open status. The area of a single ventilator in this project is 
0.44m2. The louvers’ opening angle can be adjusted to full-opening or full-closing status on site or via remote 
control. The atrium space has the role of strengthening thermal pressure, which helps to ventilate naturally in 
transition seasons. The testing was carried out on the representative 12~13 floors.

Fig. 4. Floor 12 on the south side of atrium                              Fig. 5. Floor 13 on the south side of atrium
3. Theoretical calculation
During the design stage, calculations on ventilation effectiveness in the transitional season were carried out. The 
calculation assumes that the air flow is stable, with equal static pressure at each point of the same horizontal plane 
and indoor air temperature equal to the average temperature of the testing space, irrespective of the impact of local 
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air flow around the heat source and the amount of air infiltration through gaps. The natural ventilator's local 
resistance coefficient ζ calculated according to the manufacturer's information is 3.865.
3.1. Main calculation foundations
Driving forces of natural air flow originate in thermal pressure and wind pressure. The thermal pressure is related 
to the density difference caused by indoor and outdoor air temperature difference and height difference between the 
openings (shown in Equation1). The wind pressure depends on the aerodynamic coefficients and undisturbed 
outdoor air velocity and density (shown in Equation 2).
                   (1)ghP nwthermal )( ρρ −=Δ
Where ΔPthermal is the thermal pressure, ρw and ρn is respectively outdoor and indoor air density, h is the height 
difference between the openings. In this example, h equals to 3.8m.
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Where ΔPwind is the wind pressure, K is the aerodynamic coefficient and vw is the undisturbed wind velocity. 
Aerodynamic coefficient K is primarily related to the angle of the undisturbed air flow. In this example, by field-
testing, K value on the windward side is about 0.7 and about -0.5 on the leeward side [8].
3.2. Design calculation results
Taking into account that the layout of the building is in north-south directionthe depth of the corridor is only 
8.4m, and is functioned for short stay and rest, it is easy to form a "cross-ventilation" when outdoor wind 
environment is appropriate; when the wind speed is small, the double storey atrium is favorable for strengthening 
the thermal pressure. Since temperature difference between indoor and outdoor is small in transition seasons, 
coupled with better sealing, and airflow is blocked by glass doors of the office area, the possible stack effect caused 
by the lift is ignored in the design calculations. When wind pressure and thermal pressure act simultaneously, 
natural driving forces can be considered as the algebraic sum of the two. Assuming wind direction is south 
windthen inflow from A opening and outflow from D openingand air flow direction of B and C openings are 
uncertain. The air flow direction is as shown as figure 6.
1) When ΔPthermal > ΔPwind, the thermal pressure plays a major role, with total amount of ventilation equal to that 
with single effect of thermal pressureair flows in from A and B openings and flows out from C and D openings. 
But due to the impact of wind pressure, air inflow from A opening is greater than that of B and outflow from D 
opening is greater than that of C; 2) When ΔPthermal  ΔPwind, wind pressure plays a major rolewith total amount <
of ventilation equal to that effect of wind pressure alone, air flows in from A and C openings and flowing out from 
B and D openings. Air inflow from A opening is greater than that of C and outflow from D opening is greater than 
that of B; 3) When ΔPthermal = ΔPwind, air flows in from A opening and flows out from D opening, without airflow in 
both B and C openings. 
Considering the combined effect of wind pressure and thermal pressure, calculating by the equations above, it 
can be concluded that as long as meeting either of the conditions, namely, indoor and outdoor air temperature 
difference is greater than 1 or outdoor air-flow velocity is greater than 0.4m/sventilation rate in the small atrium 
can reach up to more than 4.4 h-1. From statistics of transition season of hourly typical meteorological year data [7] 
listed in Table 3it can be seen that the monthly average wind speed in transition season range between 
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1.98~3.48m/swith more south wind in spring and more north wind in autumn. Judging from this, air quality in 
corridor areas can be improved greatly by naturally ventilating.
Table 1.Statistics of monthly average wind speed (AVS) and dominant direction (DD) in transitional seasons in Beijing
March16th-31st April May September October November1st-10th
AVS (m/s 3.48 2.83 2.43 1.98 2.03 1.70
DD SSW SSW SSE NE NNW NE
4. Field testing
Field testing was taken for further analyzing and evaluating design effect. Since the building has been put into 
use, in order to avoid unwanted interferences, the test was carried out on weekends. Testing results we talked about 
as follows were collected in the evening of October 18, 2014 (after the sun went downwith breeze about level 
1and outdoor temperature is about 25 during the test).
4.1. Test preparation
To avoid excessive complex air flow field caused by solar radiationthe testing was carried out after the sun 
went down. We paid attention to the following points: 1) During the installation and preparation stage (about1-1.5 
hours), natural ventilators were in a closed state, and were turned on when testing begins; 2) Before the start of each 
test, outdoor meteorological parameters on both the north and south sides were measured; 3) Simultaneous recording 
the wind direction of each measuring point; 4) To compensate for the impact of velocity uneven distribution on 
cross section of each inlet and outlet due to limited number of testersappropriate pre-tests and post-tests are added 
(not elaborate here).
Measuring point arrangement is shown as figure 7 (outdoor air velocity was measured from adjacent roomsnot 
shown here). Since the main testing purpose is to know the actual air exchange rate in atrium space, simultaneous 
flow recordings of all openings are required. So measuring points 1~4 are arranged at the ventilators (as high as the 
center height of ventilators) on the north and south walls of the 13th and 12th floors, and points 5~10 are arranged at 
the door opening leading to the elevator rooms of the 13th and 12th floors, respectively.
4.2. Testing instruments
 
     a. The 12th floor                                         b. The 13th floor                     
Fig. 6. Air flow schematic                                                  Fig. 7. Schematic arrangement of measuring points
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Relevant parameters of testing instruments are shown in Table 2. The testing and analysis system of multiple-
point microanemometer was adopted, including sensors, adjustable supporting frames and hub (shown as figure 8), 
and all testing instruments have been standardized before the test. The fume incenses were used to detect the wind 
direction.
Table 2.Relevant parameters of testing instrument
Range Accuracy Response duration Test parameters
Multiple-point breeze speed test 
system 0.03~5m/s ±3% reading value <0.2s v and t(indoor)
v 0.1~20m/s ±5%indicating value <1sHand-held hot-wire 
anemometer 
KONOMAX6003 t 0~50 ±0.1 <30s
v and t(outdoor)
t -20~60 0.1 <1/2s
Memory thermo-meter and 
hygro-meter TES-1361C ϕ 10%~90%RH 0.1%RH 45%~95%RH≤180s
95%~45%RH≤300s
t and ϕ(indoor)
4.3. Test result analysis
After the test begins, the multiple-point microanemometer testing system could automatically record wind 
velocity and temperature, and the acquisition time interval is 1 time/s. There are 5 tests totally from the beginning to 
the end. The typical data in the 3rd test were selected for the analysis. The actual measurement of outdoor 
meteorological parameters was performed at about 7:55 pm before the test (shown in Table 3), the most frequent 
wind direction is south wind. And the atrium air flow velocity data are shown as figure 9. Since the temperature 
changes a little in the 5-min testing time, the mean value was calculated and the testing data average value within 
the 5 minutes was listed in Table 5, in which MP means measuring point. 
Table 3.Indoor and outdoor meteorological data before testing
Air temperature () Average wind velocity (m/s)
Outdoor southern side 21.6 0.78
Outdoor northern side 21.7 0.2
Indoor 22.8 ——
Note: 1. The outdoor measuring point was located in the 12th story and 1 meter away from the external surface of the envelope. The indoor 
measuring point was placed in the lower story of the atrium, above the ping-pong table and in the height of 0.8m above the ground (This 
measuring points was available before the test).
                  
a. velocity and temperature probe                               b. adjustable stand                                                     c. hub  
Fig. 8. Multiple-point microanemometer testing system
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Fig. 9. Indoor airflow velocity testing data
According to the arrangement drawing of measuring points, the measuring points 1~4 were placed near the 
ventilator for the airflow velocity measurement of inlets and outlets. Since the central probe of the sensor could not 
be attached at the ventilator, about 8cm away from the ventilator, the testing data in measuring points 1~4 need to be 
revised. The testing data of points 1 and 2 were revised according to the correlation formula of mean section 
velocity attenuation rate in the oblate jet-flow, and data of points 3 and 4 were revised according to the velocity 
distribution regularities of rectangle air suction port [8].
We found that the airflow directions of measuring points 5~10 in the door opening were extremely unstable 
during the testing. Soon afterwards the additional measurement (in which the door opening was divided into 9 sub-
regions, and the measuring points were placed in center of each sub-region) was conducted. The testing result also 
shows that the inflows and outflows in different sub-regions cancel each other out. Therefore, the data of testing 
points 1~4 with definite airflow direction were adopted when calculating the ventilation rate of atrium, the data of 
points 5~10 were not taken into consideration. From above work, the air exchange rate (represented by “n”) is about 
3.37 times per hour. Testing and calculating results are listed in Table 4.
Table 4.Testing results
MP 1 2 3 4 5 6 7 8 9 10
tmean () 23.2 22.8 23.4 23.2 23.2 23.3 23.0 23.2 23.6 23.6
vmean (m/s) 0.074 0.05 0.077 0.029 0.054 0.044 0.136 0.054 0.065 0.067
vmean in 
ventilator 
(m/s)
0.2 0.13 0.206 0.078 —— —— —— —— —— ——
airflow 
direction inflow outflow uncertain flow direction
flow (m3/s) 0.292 0.250 flow imbalance rate =1-0.250/0.292 = 14.3%
n (h-1) 3.37
The following analysis results could be obtained from Table 5: 
1) During the testing, the average indoor and outdoor temperature difference was 1.2 with breeze and south 
wind. The testing results indicated that the wind pressure is bigger than the thermal pressure, so that although 
outflow exists in point 4, the exhaust flow was reduced by thermal pressure, and that the exhaust flow was increased 
by thermal pressure in point 3. The internal airflow field in the atrium is shown as figure 10.
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Fig. 10. Internal airflow field in the atrium
2) The amount of inflow is bigger than that of outflow though the ventilators, the flow imbalance rate is about 
14.3%, part of them are likely to be vented from the eastern and western door openings in the lower story due to the 
chimney effect of elevator (During the test, the air flow in the door opening of the lower story was more apparent 
than that in the door opening of the upper story).
3) The air exchange rate was about 3.37 h-1 by testing. During the testing process, the testing personnel could 
apparently feel that the sultriness was weak after the ventilator was opened, though the meteorological conditions 
were poor on the day, the natural ventilating obviously improved the airflow and thermal environment in the 
corridor, realized the design purpose.
4) It should be worth noticing that the actually measuring air exchange ratio was obviously lower than designed 
calculation value no matter under the thermal pressure or wind pressure conditions. To explain it, on the one hand it 
may has something to do with the test value of local resistance factor of ventilator and aerodynamic coefficient, on 
the other hand may caused by the great outdoor air velocity difference between the broadcasting value and the real 
value near the building (the outdoor testing wind speed at the 12th floors seldom exceed 1m/s whereas broadcasting 
breeze at 1~2 level).
5) The field testing also found that outdoor fresh air would flow upwards immediately due to the thermal pressure 
when the indoor air velocity near the ventilator was less than 0.1m/s. When the air velocity near the ventilator 
reached 0.4~0.5m/s, the fresh air will flow about 3~4m in horizontal direction and then flow upwards. And when the 
air velocity more than 0.8m/s due to the high outdoor wind velocity, the fresh air would flow horizontally at ground 
level from the opening in the southern side and directly outflow from the opening in the northern side, seldom flow 
through the occupied zone. Therefore, to turn on the ventilators diagonally in windy days may be taken into account 
so as to improve the air flow distribution.
5. Conclusions
How about the real effect of natural ventilating design? The following conclusions could be drawn though the 
analysis and testing of the New East-Main Building of CABR:
1) The air exchange rate was up to 3.37 times per hour in the poor condition that the outdoor wind velocity is 
breeze in level 1, so that the purpose of improving the indoor air quality in transitional seasons has been achieved. 
Therefore, it is worth to be popularized in Beijing.
2) To improve the ventilation efficiency, the mounting position and operation mode of ventilator should be taken 
into reasonable consideration. And the control strategy should be made according to different weather conditions for 
the optimization purpose.
3) To minimum the differences between design calculation and real ventilating effect, the simulation or on-site 
testing of wind filed around the building is strongly recommended. The fact that ventilator’s resistance increasing 
over time should be given a thought.
4) The potential stack effect should be taken into account so as to avoid the unwanted air distribution in 
conditions that the ventilation space is connected with the elevator room.
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5) Relevant building codes specified that the wind pressure could not be taken into account normally in the 
engineering design. The papers, however, indicates that the influence of wind pressure should not be neglected and 
should be taken into account in the design stage especially to the buildings with reasonable layout, orientation, depth 
and limited story height.
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